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Contract No. NASw-'703') 'I' 

\ Dear Mr, Chase: 

the  MIFtOS contract which covered the period from \ 20 August t o  20 September 

This period covered the analytfcal dfvfsfon of the MIROS program in 

This letter is a statement of progre during the  fourth month of 

- 
- mo 

accordance with t h e  contract schedule, 

the experimental program phase whfeh wfll begin next period. 

Also preparatorg steps were taken fo r  

1, Work Accomplished 

During the preeeedhg period analysis of the MIROS schemes continued, 

One analysis, tRat covered the d e r e q  system,fs hcluded i n  t h i s  report. The 

others are deferrea mtfl later reports, 

modulation was introduced and wflp be hvestfgated during the  experimental phase, 

It fs essentially a variation of the orfghal MIROS scheme and represents an 

A new MIROS scheme involving F center 

attempt t o  herease  modulation rates, 

Extensive preparations for the experimental phase have begun, 'Fhese 

preparations include both the mercury scheme and the F center method. At present, 

all the necessary equipment fop  the mercury corperhent has been ordered and the  
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necessary equipment f o r  the F center crystals is being ordered. We f ind  tha t  

it may be necessary t o  produce OUP own F center crystals, 

t o  raise any d u f i c u l t i e s  as there are adequate. f a c f i i t i e s  at A i r  Arm fo r  t h i s  

This is not etxpected 

n02-k. 

The analysis below is not intended t o  be a complete s t a t d e n t  of t he  

imrmqy Absorption cell problem. It should however give an indication of the  

approach t o  the &?weary scheme, 

2, Ana33rsfs of the Mereum Cell MIROS Element 

In t h i s  analysis, which is pre l idnary  t o  the experimental work, it 

will he assumed that  the receiver beam wiJ. l  be c o n t h o u s l y  incident on the  

MIROS element, 

tha t  five energy levels (6lsOp dP2#  dPO9 63P1 and 73Sl) need t o  be considered. 

The fntercombhtion t rans i tdm 73Slp61p1 fa sufficiently improbable t o  neglect 

fi comparison t o  the three strong lines, 73Sl-63P2 (5466), ? S l d P 1  (4358i) 

and 73Sl-@Po (4047i). These five Pevels w i l l  be numbered from one t o  five 

An e t f o n  of an energy level diagram of ‘nercury reveals 

COrreSpOnding t o  aseendfng energy, 

The rate squations governing transistions between these five le re la  

are 



Westinghouse 8- 
where 4, is t he  t o t a l  transmitter energy density incident on the cel l ,  

IR is the  t o t a l  receiver ene~gy density incident on the cell ,  

and B25 are the E f i s t e f i  coefficients of induced emission, 

the A t s  are the Efnstefi coefficients for spontaneous emission, 
/ 

8 is the quenching r a t e  per atom from t h e  state ’P1 t o  the  state 
3 
PO, 

the  n o s  are the  number densities of atoms fi the states 1, 2, 3, 

4s 5 and the L Q s  represent population changes due t o  other 

random causes, 

l’hese equatioris might ~ ~ 2 4 ”  3 r  h s + . a ~ e  to a system fn which the 

receiver optical  energy is mdulated by an off-on transmitter signal which 

at time t=O is turned on, !he initial. condition is then tha t  the initial 

energy level  distribution follows t h e  Bolt?nnrrnn dbtrfknrtion, fi transit ions 

between upper states due t o  t h e  receiver beam are neglseted, 

certa$nPy reasonable sf ice  the population r a t io  between ground and excited 

state -1 be quite dnu te ,  resulting in practically no upper 1-81 population 

(of t he  order s,loo)o 

This assuqtion is 

The objective in solving these rate equations is of course, t o  

determine the absorption of the 4Q47 beam, and since the absorption coefficient 

i s  pp0portionaP t o  the  number density of atoms fn the  6’Po state, it is nee- 

essary t o  determine t h i s  npmber density f rom the rate equations. The ahiaqp- 

t ion coefficient, k, is proportional t o  the spectral fine shape, which in the  

case of both the 253’7i and 4Q47i lfnes at low gas pressures, is dopplcsr and 2s 

therefore of the  form: 
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d = the  line frcdqzzmcyp 

7 = the absolute temperature, 

/f = t he  molecular weight, 

C = t h e  veloefty of light, 

Also g 2 a d  g are  the upper and lower levels respectively involved 1 
in t he  r adk t ive  transit ion of wavelength, A, , 

0’ = the number clensicy of atms9 zmd 

T = the natural m e t b e  of the upper state, 
0 

The trmsm%ssion of t he  404741 Jine can then be written as 

where 1 is the  absorption cell length, and the expression fo r  the  

absorption coefficient has been separated into two terms so that the  linear 

dependence of &f30rptfon on the number density of atoms b easily Berna 

value of n2 at any time w i l l  then be obtafned f r o m  a solution of the  rate 

The 

equatfons. See Figure 1, 

Since the creation of 3Po levels depends on collisions of excited 

atoms (fi the  3 P ~  s ta te )  with the quenching gas it is necessarg t o  determine 

the coll ision probabflfty for  the transftfon 3p1 - 3P0, The relevant forpntla 

is given f r o m  Kinetic themy and is: 

z (Te)  is the number of collisions per second per u n i t  volume, 

/v 8 n2 are concentrations of the two gasses, 
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Figure 1. Absorption of the 4.047 Line Center as a 
b e t i o n  of $PO Pornt ion Density 

Atoms per CJ X 
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Transition Wavelength 
(9 

TABU I 

TABLE I1 

Quenehk Gasses Available for the MIROS System 

Foreign 
Gas 

Quenching 
Process 

2 Available Required Ehergy 6 
Energy Energy Difference X l O  16 cm 2 

* N2* denotes excited Nitrogen, etc. 
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~7- is the cross section for the quenching transitibn, 

is the gas eonstant, 

7 is the absolute temperature, and 

ff c% M2 a m  the  molecular weights of the two gasses. 

The number density of the  quenching gas can be obtained fromthe ideal  gas 

formula since only low gas pressures wfpp be present in the  gas ce l l ,  

number density 5s the  same for alp gasses and is 9e61 X lou P/T moles/c.c., 

where the pressure 

aSsoP~te tmpnmture 

This 

%s expressed in  m f 1 7 e t e r s  of mercury and T is the  

It is now possible after a deteminatfon of the Einstein A and B 

coefficisnts t o  obtafn a numer%c;al answer for 9, The Einstein A coefficients 

are easily calculated and the B coefficients are related by the equation: 
Azr 2X;>'gL 

7 I d =  the line frequency, -= 
&t c az 

c= the velocity of lfsht, and 

9/92  are the  s t a t i s t i c a l  wefghts of the  lemels 1 & 2; 

also B2dq.2 = g&" 

Table I lists data on the E i n s t e i n  coefficients for  the ~msrcury 

transit ions,  

It is also necessary t o  know the value of the quenching cross sections 

for the  creation of the $Po mtastable s ta te ,  Some values of the quenchjng 

crass section, a m  gfven alongwfth the  corresponding gasses in Table 11. 

together with the molecular weights, temperature and partial pressures w i l l  

enable a calculation of 8 t o  be @e. Hence 

This 
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enchinn collisions den nitrogen at a = /. PGW'l7, gec-cm3 

pressure of 10 mrm I-lg and temperature of 3So"K has been used as t he  quenching gas, 

The only renvlfnfng quantities t o  be evaluated are the  L u s  and these 

a m  'ry deiinftion empi~ical, therefore must ei ther  be estimated or i n  a f i rs t  

order treJatment, neglected., The solution of these five linear differential 

equatfons is complicated and not very revealing, Therefore, as always in 

s h i l a x  cases, a simpler approach based on insight into the  problem, is desired. 

It is evident for instance that  t he  popllation of the  ground state (6lSo) will 

be much larger than tha t  of the  first excited state ($PI), therefore the  number 

of upward transit ions w i l l  greatly exceed the Aumber of downwaxd t ransi t ions 

at least for  the Paw fntensity and short tfmes considered, The net popla t ion  

change of the first excited level due t o  transit ions fromthe murid state is 

-GGq - Z T ~ ~ ~ J ~ - A J I  0, I,B, @- 2 9s zll/-,$,% 4 -zTB~ -A,B g b c e 3 a +  

Fpom both theoretical  and physical results, A3/ - /.- 7rec. 

earlier discussion, r -  /b-G 
transit ions downward occurs at about 10 times the rate as that f o r  quenching 

collisions 

while f r o m  an 

hence an estbate of the  ntainber of spontaneous 

Theory and experiment also gfves,in good agreeslsnt,a value fo r  the 
0 

absorption coefficient of the  Mepcupy 2537A lfne (a t  the line center); 

4 = L~/x,&-$ cm:' ; and since the  vapor pressure at 20°C is 1,2 X Hg 
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nl = 3.94 X lou atoms/c.c, 

99.4% of the incident radiation, 

metastable state (6 Po), roughly one-tenth of the  number of incident photons w i l l  

Therefore an absorption c e l l  1 cm long will absorb 

If one-tenth of t h i s  is converted t o  the  
3 

be absorbed. 

2 Suppose W milUwatts/cm are incident on a em. lo& absorption cell ,  
MA f then N = 

This information w i l l  yield an estimate of the  amount of power necessary t o  

photons wfll be absorbed i n  a time, A t  , on the average. 

create a sufficiently hQh absorption f o r  the 4047 line. From the  formula fo r  

(4&.7~.? a numerical value for t h i s  qyantity i s  B (4047i) = 12.8 X lo-= 
n2- cm"'. 

t o  increase the absorption of t h e  4047f l i p e  t o  some xalue, say 50% can be made 

by set t ing 1 X l2,8 X lo-= X q' = .693; o r $  = 5.42 X 10 

(6 Po> state. Hence 

Based on these ideas %II estimate of the amount of incident power required 

lo 
atoms/c.c. in the 

3 

6, LZ m - % / g  X/d&:l2 r(,d / O x / &  

a+ # =  

or  Whence if it is desired t o  

obtain 50% absorption in .1 -second, 4022 millfaatts of energy density are 

requked. Figure 2 shows some -her relations between incident power, time 

and absorption. 

It is understood that t h i s  preliminary analysis is not intended t o  be 

complete, and tha t  more thorough analyds will appear in later reports. 

3. PUNS FOR NEXT PERIOD 

During the  neat period it is expected that  at least tm, MIROS schemes 

w i l l  be prepared for  experimental work. These two schemes are (1) t h e  nie:ereury 

absorption c e l l  scheme, and (2) the  A l k a k ~  Halide F center schemes. As stated 
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in an earlier report further experbents dll be deferred u n t i l  these two are 

w e l l  underway since it is  more efficient to concentrate efforts especially at 

the beginn- of the experimental work. A s  usual, analysis and research Ku1 

continue on all schemes in addition to concurrent qerimentsl efforts. 
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